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Executive Summary
Because of water diversions during summer, flow in Catherine Creek, a tributary to the Grande Ronde River in northeastern Oregon, is insufficient to sustain several aquatic species for which the stream is listed as critical habitat. A feasibility study for managed underground storage (MUS) in the upper Catherine Creek watershed in Union County, Oregon, was undertaken by Anderson Perry and Associates, Inc., to address the issue of low flows in summer. The results of the study were released as a report titled "Upper Catherine Creek Storage Feasibility Study for Grande Ronde Model Watershed," which evaluated the possibility of diverting Catherine Creek streamflow during winter (when stream discharge is high), storing the water by infiltration or injection into an aquifer adjacent to the stream, and discharging the water back to the stream in summer to augment low flows. The method of MUS would be accomplished using either (1) aquifer storage and recovery (ASR) that allows for the injection of water that meets drinking-water-quality standards into an aquifer for later recovery and use, or (2) artificial recharge (AR) that involves the intentional addition of water diverted from another source to a groundwater reservoir.
Concerns by resource managers that the actions taken to improve water availability for upper Catherine Creek be effective, cost-efficient, long-term, and based on sound analysis led the National Fish and Wildlife Foundation to request that the U.S. Geological Survey conduct an independent review and evaluation of the feasibility study. This report contains the results of that review.
The primary objectives of the Anderson Perry and Associates study reviewed here included (1) identifying potentially fatal flaws with the concept of using AR and (or) ASR to augment the streamflow of Catherine Creek, (2) identifying potentially favorable locations for augmenting streamflow, (3) developing and evaluating alternatives for implementing AR and (or) ASR, and (4) identifying next steps and estimated costs for implementation. The Anderson Perry study was not intended as a comprehensive evaluation of feasibility, but, rather, an effort to develop a concept and preliminary evaluation of feasibility. Additionally, the feasibility study was limited to using existing data from which additional data needs were to be identified. The feasibility study mostly accomplished the goals of identifying potential fatal flaws and developing a project implementation plan. However, a more practical discussion of conclusions regarding the feasibility, likelihood for success, achievement of goals, and overall project costs could have received greater emphasis and would be of value to decision makers. With regard to objective (2), the subject report analyzed information from several possible sites examined for an MUS system. Sufficient cause is provided in the subject report to identify the basalt aquifer in the Milk Creek sub-area as having the greatest potential for MUS. Therefore, this review is primarily focused on the Milk Creek sub-area and the basalt aquifer. 2 Most of the subject report is clearly written, data are sufficient, analyses are correct, and the interpretations and conclusions are reasonable. However, this review identifies a number of technical issues and concerns. The issues of greatest concern identified in this review include the following:
• Available hydrogeologic data are lacking in the area selected as the primary target for an MUS system to determine the suitability of the area for MUS. The hydrogeologic analysis of the Milk Creek sub-area used only two wells, which are relatively close to each other. From a review of the Oregon Water Resources Department (OWRD) GRID database of well records, these two wells seem to be the only wells in this area. The feasibility study was limited to use of existing data and appropriately indicates the importance of the need for additional data collection. However, reliance on such a small number of wells for the identification of an area for an MUS system is not ideal. The geometry of the geologic units in this area is complex, as is the lithology, making it challenging to readily determine the geologic units (and their extent and thickness) present in the target area. The lack of data also makes it difficult to evaluate the hydraulic properties of the target aquifer (Grande Ronde aquifer) in this area and to determine the amount of variation that may be present. The extensive number of geologic structures, especially faults, mapped in this area adds to the complexity of evaluating the hydrogeology. The small number of drillers' well logs for this area limit the availability of lithologic descriptions, water levels, water temperatures, and other observations that otherwise would be helpful to determine the influence of these geologic structures on the hydrogeology in the planned target area and what effect they may have on the performance of the MUS system. In other areas of the Columbia Plateau, such structures have been shown to compartmentalize and isolate parts of the aquifer. Compartmentalization could limit significantly the ability of the MUS system to store and recover water.
• The volumetric analysis in the subject report of the quantity of water to be stored in the aquifer does not consider the volume of aquifer necessary to accommodate the volume of water. This relates directly to the suitability of the Columbia River Basalt Group as a potential aquifer for use in an MUS system in the Milk Creek sub-area. A simplified analysis was done as part of this review using a range of expected hydraulic properties. The presence of flowing artesian wells in the Milk Creek sub-area indicates that the Grande Ronde aquifer is confined in this area. Large head changes across extensive areas are required to store or yield substantial quantities of water from confined aquifers as compared to unconfined aquifers. Using the expected water volumes for the MUS system and the range of values for the hydraulic properties of the Grande Ronde aquifer, the change in head required to accommodate the storage of recharge water can be estimated for various possible aquifer surface areas. For a flow augmentation rate of 1 ft 3 /s that requires a recharge water volume of 287 acre-ft, the necessary change in head ranges from about 3.7 ft for an aquifer with a 20-mi 2 areal extent and having the maximum storage properties to a physically unreasonable 640,000 ft for a confined aquifer with only a 0.5 mi 2 areal extent and having the minimum storage properties. For a flow augmentation rate of 10 ft 3 /s that requires a recharge water volume of 2,871 acre-ft, the necessary change in head ranges from about 37 ft for an aquifer with a 20-mi 2 areal extent and having the maximum storage properties to a physically unreasonable 6,400,000 ft for a confined aquifer with only a 0.5 mi 2 areal extent and having the minimum storage properties. For comparison, the low-lying part of the Milk Creek sub-area is less than 1 mi 2 . The extreme values of head (greater than hundreds or thousands of feet) that 3 might be needed to store the recharge water volumes for the MUS system in a relatively small aquifer surface area probably are not feasible from an engineering perspective. Conversely, the large aquifer surface area (greater than tens of square miles) that might be needed to store the recharge water volumes for the MUS system with a relatively small change in head probably are not feasible from a hydrogeologic perspective because of geologic features that may occur at a smaller scale such as pinchouts of the aquifer, changes in lithology, or the presence of faults. Using 100 pounds per square inch (lb/in 2 ) as the practical upper limit for injecting water under pressure and a value of 2.31 ft of head per lb/in 2 results in a practical upper limit of 231 ft of head for injecting water under pressure. Using the minimum, median, and maximum values of the storage coefficient for the Grande Ronde aquifer, the aquifer surface area required would be 1,400; 3.7; and 0.32 mi 2 , respectively, for a flow augmentation rate of 1 ft 3 /s that requires a recharge water volume of 287 acre-ft. Aquifer surface areas of 14,000; 37; and 3.2 mi 2 , respectively, would be required for a flow augmentation rate of 10 ft 3 /s that requires a recharge water volume of 2,871 acre-ft.
• The flowing artesian conditions in the basalt aquifer in the Milk Creek sub-area may limit the available storage and may require wellhead equipment designed for water injection under pressure. The feasibility and cost of storage in a confined aquifer are relevant to the feasibility study.
• The subject report notes that the results of a 24-hour aquifer test in the Milk Creek sub-area showed indications of a negative boundary (a feature within the aquifer that may constrain the transmission of groundwater such as faults or changes in lithology) within the target basalt aquifer. Review of the source aquifer-test report indicates that a second negative boundary also was identified. The presence of negative boundaries within the aquifer may have a substantial effect on the performance of an MUS system. As noted in the feasibility study, additional aquifer testing is needed to better understand the hydrologic conditions of the aquifer.
• The Executive Summary of the subject report does not address the possible cost of acquiring some or all of the senior surface-water rights close enough to the confluence of Catherine Creek and the Grande Ronde River to attain the desired 1-10 ft 3 /s of streamflow augmentation. This option might be an important alternative to consider and compare to the cost to design, build, operate, and maintain an MUS system, along with the other alternative measures discussed in the subject report, such as water conservation and improved irrigation efficiency.
• There is relatively little discussion of the possible cost of enlisting interested water-rights holders in the OWRD Allocation of Conserved Water Program under which the State retains at least 25 percent of water conserved, with possible allocation to the State as great as 75 percent. The reviewed report does not indicate the additional advantage of this program that a new waterright certificate is issued for the State instream water right with a priority date either the same as the original right, or one minute junior. If senior water-rights holders (especially those with points of diversion and place of use located near to the confluence of Catherine Creek and the Grande Ronde River) are targeted for participation, then the instream water rights acquired by the State could have a priority date that is the same as the original priority date. This could help ensure that the conserved water quantity would be protected from diversion upstream of waterrights holders with lessor priority dates, and could be a cost-effective solution to meeting the inflow stream goals of the subject report.
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• In the Project Implementation Plan, the possibility of placing a higher priority on confirming whether OWRD will support the approach of defining the place of use for water withdrawn from the proposed MUS system as the mouth of Catherine Creek, and using a secondary permit to "shuttle" water from the Milk Creek sub-area to the place of use should be considered. The purpose of such a designation is to protect streamflows enhanced by implementation of the MUS alternative from appropriation for use by senior water-rights holders and other downstream users. This evaluation likely would cost little compared to the hydrogeologic evaluation, and if this is not feasible, then the benefits of the project may be in doubt. Informal discussions with OWRD for this review indicated that it might be possible to use the method proposed to ensure that water recovered from the MUS system is available in Catherine Creek all the way to the confluence of the Grande Ronde River. Additional discussion is needed regarding alternatives to protecting water discharged by the MUS system from diversion by other water users if the water cannot be "shuttled".
• As discussed in the feasibility study, the water-quality data are sparsely distributed and incomplete, and the sample locations are not located specifically in the area(s) where MUS may be implemented. The lack of data hinders the ability to determine the suitability of the area for MUS. However, the recommendations to fill existing data gaps are appropriate and generally cover the areas where additional information is needed either to meet regulatory considerations or to better estimate performance of the MUS system with regard to geochemical compatibility of the surface water and groundwater within the aquifer matrix.
• Water temperature is not mentioned in the evaluation of water-quality data. The subject report and several of the drillers' logs for the basalt wells presented in the subject report indicate a relatively wide range of groundwater temperatures (50-72 °F). As part of this review, an examination of drillers' logs from OWRD for wells more than 350 ft deep within 8 mi of the Milk Creek sub-area identified wells with temperatures as great as 81 °F. This could be a significant factor if the temperature of discharge water from the MUS system is of regulatory concern with regard to Total Maximum Daily Load (TMDL) of the Upper Grande Ronde River subbasin, or of concern with regard to environmental effects downstream. The temperature of the discharge water from the MUS system could result in either beneficial or detrimental effects on Catherine Creek. Discharge temperatures less than the temperature of the stream may create cold-water refugia for aquatic species and may reduce the potential for TMDL temperature violations downstream. Discharge temperatures greater than the temperature of the stream may negatively affect aquatic species and may violate the Upper Grande Ronde River subbasin TMDL for temperature.
• There is not sufficient information to determine the potential for local or distant effects on the environment or on other water users that may result from the operation of an MUS system in the Milk Creek sub-area. The extent of possible hydrologic effects is dependent on a number of factors including whether the aquifer used for MUS is confined or unconfined (appendix B). Generally, for an unconfined aquifer, it is unlikely that effects of the storage and withdrawal of water in the Milk Creek sub-area would manifest in the groundwater system in the area of the city of Union, 8 mi to the north, and would affect groundwater levels, groundwater exchange with streams, wetlands, or springs and interfere with groundwater withdrawals by agricultural and other water users. Because of the distance, complexity of the geology, and presence of geologic structures, if effects were to occur, long periods of time may be required for such effects to be readily perceived. If the aquifer is compartmentalized, owing to aquifer geometry or structural features such as faults, then this could limit the extent of detrimental effects from 5 MUS. However, for a confined aquifer, the aquifer storage requirements needed to accommodate the volume of water proposed for the MUS system may necessitate large head increases across an extensive aquifer. Therefore, the affected aquifer could extend substantial distances, which may then expand the potential area for environmental effects. Therefore, this issue remains unresolved pending further definition of the hydrologic and water-quality conditions present in the Milk Creek sub-area and the necessary aquifer storage requirements needed to meet the goals of the MUS system. • With regard to the potential for local environmental effects or effects on other water users for the primary selection of the Milk Creek sub-area as the location for an MUS system, water use is limited in the immediate area. However, local hydrologic features in the immediate area such as groundwater exchange with Catherine Creek, nearby wetlands, and springs may be subject to changes owing to the storage or withdrawal of water from the aquifer. If the aquifer is confined, aquifer pressure may need to be increased to accommodate the storage of the target rechargewater volumes for MUS. The increase in pressure would raise the head in the aquifer and might have several effects such as (1) causing previously non-flowing wells to begin to flow at land surface; (2) increasing the upward vertical flow of water into the overlying alluvial aquifer, thereby raising groundwater levels; (3) increasing discharge to wetlands; or (4) increasing baseflow discharge to Catherine Creek at unintended times. If the aquifer is compartmentalized, the environmental effects could be amplified because they would be distributed across a smaller area. Environmental effects, particularly with regard to the quantity and temperature of water, could be either beneficial or detrimental. This issue remains unresolved pending further definition of the hydrologic and water-quality conditions present in the Milk Creek sub-area and the required aquifer volumes needed to meet the goals of MUS. If further work on feasibility is done, consideration should be given to installing continuous water-level recorders in the alluvial aquifer, basalt aquifer, and Catherine Creek to determine the possible interconnections between the alluvial aquifer, the basalt aquifer, and Catherine Creek that, if present, could then be used to determine the possible magnitude of water-level changes and local environmental effects.
Introduction
As a result of water diversions during summer, flow in Catherine Creek, a tributary to the Grande Ronde River in northeastern Oregon ( 2010), which evaluates the feasibility of diverting Catherine Creek streamflow during winter (when stream discharge is high), storing the water by infiltration or injection into an aquifer adjacent to the stream, and discharging the water in summer to augment low flows. The method of MUS would be accomplished using either aquifer storage and recovery (ASR) or artificial recharge (AR). ASR allows for the injection of water that meets drinking water quality standards into an aquifer for later recovery and use (Oregon Water Resources Department, 2013a) . AR involves the intentional addition of water diverted from another source to a groundwater reservoir (Oregon Water Resources Department, 2013b). Water-and land-resource managers are concerned that the actions taken to resolve wateravailability issues for upper Catherine Creek be effective, cost-efficient, long-term, and based on sound analysis. To address these concerns, the National Fish and Wildlife Foundation requested in 2012 that the U.S. Geological Survey (USGS) conduct an independent review and evaluation of the feasibility study to assist resource managers in gaining a better understanding of the feasibility study's technical aspects and sufficiency of the analysis.
Purpose
This report presents the results of the USGS review of the Anderson Perry and Associates, Inc. (2010) feasibility study. The review highlights and, where necessary, expands on issues presented in the feasibility study. The review also identifies key omissions in the feasibility study. The USGS conducted the review primarily using information contained in the subject report; a small amount of additional information was used that was obtained from readily available sources as cited and referenced in the review. The USGS collected no additional field measurements or other new data.
Scope and Objectives
The objectives of this review include the following:
• Identify and evaluate the assumptions that are critical to the feasibility of MUS in upper Catherine Creek.
• Assess the sufficiency of the data and analyses that were used to determine local and distant aquifer effects.
• Assess the sufficiency of the data and analyses that were used to evaluate surface-water and groundwater quality issues.
• Identify the most significant data gaps and how they might be addressed.
• Identify issues not addressed in the feasibility study and any additional analyses that may be needed to resolve issues using existing data or with additional data collection. The subject report analyzes information from several possible sites examined for an MUS system. Sufficient cause is provided in the subject report to identify the basalt aquifer in the Milk Creek sub-area as having the greatest potential for MUS. Therefore, this review primarily is focused on the Milk Creek sub-area and the basalt aquifer.
Not all data, analyses, or conclusions presented in the subject report could be verified. Additionally, in the interest of conciseness, this review does not comment on all aspects, assumptions, or conclusions. This should not be construed as validation of these components of the report by this review. Rather, the focus of this review is on the major elements that are of such significance that they may influence the overall conclusions and for which the assumptions, data, analyses, or interpretations were either missing or deemed incorrect, insufficient, or unsupported by available information.
Technical Review
The technical review was divided into three sections: The first section addresses our specific issues of major concern, the second section discusses specific issues of minor concern, and the third section identifies information needs that may be present. Additionally, appendix A contains a list of typographical errors and issues of minor importance. References to specific sections or parts of the subject report are identified in italics. This document identifies technical issues and concerns as directed in the objectives of this review. However, it should be noted that most of the feasibility study is clearly written, data gaps are identified, available data are used appropriately, analyses are correct, and the interpretations and conclusions are reasonable.
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Specific Issues of Major Concern
This section contains comments on issues that were considered of major concern with regard to the data, analyses, interpretations, or conclusions in the subject report. It is organized by each section of the report, and each comment is preceded by its location in the report and its context.
Executive Summary
The Executive Summary of the report is perhaps the most important section in the document because many readers may only take the time to review this information. For this reason, it is vital that this section accurately and completely reflect the findings presented in the body of the report. Following are suggestions to improve the Executive Summary that would help readers gain a fuller understanding of the subject report and its major findings.
Hydrogeologic Setting, p. ES-2, fourth paragraph.-There is no mention in the study report Executive Summary of the general lack of available hydrogeologic data in the area of the preferred alternative site, the Milk Creek sub-area, to determine the suitability of the sub-area for MUS. Additional information is needed to delineate the aquifer geometry, extent, and hydraulic properties, as well as the possible presence of geologic structures.
Several areas of discussion should have been included in the Executive Summary with regard to the hydrogeologic conditions in the Milk Creek sub-area based on currently available data. These conditions include flowing artesian conditions in the basalt aquifer, and how flowing artesian conditions may affect storage volumes, infrastructure, and MUS costs; aquifer requirements such as the head needed under confined aquifer conditions to accommodate the water storage goals of the MUS system; and negative boundaries (features within the aquifer that may constrain the transmission of groundwater such as faults or changes in lithology) observed in the test well that may have implications for water storage.
Existing Water Rights, p. ES-4, second paragraph.-In the summary of Section 6-Existing Water Rights, the potential for the purchase of a senior water right as a cost-effective means to ensure 1 ft 3 /s of flow in Catherine Creek is presented; however, it is not included in the Executive Summary of the subject report. This is a major conclusion and a necessary part of the Executive Summary. water-rights holders with points of diversion and place of use located near the confluence of Catherine Creek and the Grande Ronde River are targeted for participation, and possibly provided with incentives, then the instream water rights acquired by the State could have a priority date that is the same as the original priority date. This could help ensure that the conserved quantity of water would be protected from diversion upstream of water-rights holders with lessor priority dates. It would no longer be necessary to obtain an additional 130 ft 3 /s of instream flow to meet the needs of water-rights holders upstream. Only 1-10 ft 3 /s of instream water rights would need to be acquired. This could be a costeffective solution to meeting the inflow stream goals of the subject report.
Conservation and Efficiency
The statement-"Efficiency and conservation have the potential to provide increased irrigation to a larger number of water users for a longer period of the irrigation season; however, they do not have the potential to provide stream flow enhancement for fish passage and stream health"-is not accurate with regard to the provisions of ORS 537.470(3).
A cost-benefit analysis using cost per acre-foot of water or per cubic foot per second of water for a specified duration would help decision makers to better facilitate comparison of options to increase streamflow in Catherine Creek.
MUS Feasibility Evaluation, p. ES-6, second paragraph.-The following task should be included in Task 1-Pre-Feasibility Evaluation:
• Develop preliminary estimate of available storage within aquifer to determine if it is sufficient for intended purpose.
MUS Feasibility Evaluation, p. ES-6, third paragraph.-The following tasks should be included in Task 2-Hydrogeologic Feasibility Evaluation:
• Install continuous stream stage-discharge and temperature gages near Milk Creek sub-area.
• Begin continuous or monthly monitoring of groundwater levels and temperature of the planned shallow exploratory wells in Milk Creek sub-area.
• Begin continuous monitoring of groundwater levels and temperature of both Bonneville Power Administration (BPA) test wells in the Milk Creek sub-area.
• Collect and analyze water quality of BPA test wells.
• Conduct a geochemical compatibility analysis of water in Catherine Creek and aquifer.
• Conduct a geochemical analysis of how introduced water may be modified by the host rock.
• Conduct a baseline FLIR (forward-looking infrared imaging) assessment of wetlands, springs, and seepage faces in the area to see where they are occurring and to approximate flows before start of operations for comparison following initiation of MUS. Ideally, this should be done at season or time of day to maximize temperature differential between groundwater and land-surface or surface water. • Maintain exploratory wells as possible long-term monitoring wells.
MUS Feasibility Evaluation, p. ES-7, sixth paragraph.-Task 4-Design and Construction calls for a single Columbia River Basalt Group (CRBG) monitoring well. Additional monitoring wells may provide helpful information with regard to the performance of the aquifer and give a better spatial representation of how groundwater levels are responding. Some of these wells may need to be deeper than the current existing wells. A multi-level piezometer nest to obtain data on vertical gradients within the basalt aquifer and for comparison with the alluvial aquifer would be useful. A nested piezometer near Catherine Creek also may help in examining the relation between the shallow aquifer and stream stage. Ideally, this information should be acquired prior to operation of the MUS system to serve as baseline data and during the recharge and recovery phases for evaluation of how the vertical gradients change with operation of the MUS system. The installation of any additional wells should include analysis of the drill cuttings for identification of the geologic unit and evaluation of the hydraulic properties of the aquifers and confining layers.
Section 1-Background
Document Organization, p. 1-3, third paragraph.-The task under 3. Aquifer Hydrogeology to "estimate potential injection and recovery rates and storage volumes" accomplished the estimate of storage volume of water, but did not include the estimation of aquifer volume required for storage of the water volume under unconfined conditions or the areal extent and head change required under confined conditions. These estimates are essential to determine the practical capability of the aquifer to accommodate the quantity of water intended to be stored (see review Section 3-Hydrogeologic Setting-Hydrogeology, p. 3-7, first paragraph). Document Organization, p. 1-4, fifth paragraph.-Under Conservation and Efficiency is the following task: "provide data for a comparative analysis of the cost/benefit of ASR or AR to conservation and efficiency improvements." The completed task does not include a direct comparison of the cost per cubic foot per second of water or cost per acre-foot of water between (1) conservation and efficiency, (2) ASR or AR, and (3) acquisition of water rights. A direct comparison would be helpful to decision makers. A meaningful comparison is not possible without accurate information on the range of values for the acquisition of land or water rights.
Section 2-Existing Stream Flows
Ecological Flows, p. 2-2, third paragraph; Ecological Flows, p. 2-6, third paragraph.-Citations should have been provided to support the statements "A minimum of 1 cfs is considered in this Study to provide adequate stream flow enhancement for the purpose of fish migration and stream health" and "A maximum of 10 cfs would meet the Oregon Department of Fish and Wildlife desired fish flow for fish passage." The target stream flows are critical to determining the feasibility of an MUS system to obtain the flows that accomplish the project goals and the costs needed to do so. Therefore, proper documentation of the target flows is needed.
Section 3-Hydrogeologic Setting
Hydrogeology, p. 3-5, second paragraph, and p. 3-6 table titled "Aquifer characteristics and Well Performance-Alluvial Aquifer".-It would be helpful if this table showed the number of wells used for evaluation of each sub-area. It seems that only five well logs are presented in appendix C of the study report that, according to the text, were used to determine aquifer characteristics. For the table, three wells are near the Union sub-area, two wells are near the Milk Creek sub-area, and no wells are near Badger Flat sub-area. The information for the Badger Flat sub-area apparently comes from the driller's log for well UNIO 51670 shown on figure 3-4 but is not included in appendix C of the study. Depending on the actual number of wells used to determine the table of alluvial aquifer characteristics, it may need to be emphasized that a very small number of wells across a large area were used to determine the aquifer characteristics because of the lack of available well data. This may lead to great uncertainty regarding the presence or absence of the aquifer and the values of the aquifer characteristics. The lack of knowledge of the geometry, hydraulic characteristics, existence of multiple aquifers, and the possible presence of structural features (all of which could affect the performance of the MUS system) should be of concern.
Hydrogeology, p. 3-7, first paragraph.-One of the considerations cited in the suitability of the CRBG as a potential aquifer for use in MUS is the "Available Headroom"; however, this issue was not discussed much. The presence of flowing artesian wells in the Milk Creek sub-area indicates that the Grande Ronde aquifer is confined in this area. The volume of water stored to or released from a confined aquifer is a function of the surface area of the aquifer, the change in head, and the storage coefficient. The storage coefficient, in turn, is a function of the compressibility of the aquifer skeleton, the compressibility of water, the porosity, and the thickness of the aquifer. Expected values of the storage coefficient for the Grande Ronde aquifer range from a minimum of 0.0000014 to a maximum of 0.006 dimensionless units (Davies-Smith and others, 1988, p. 69; Hansen and others, 1994, p. 32-33; Packard and others, 1996, p. 57; Kahle and others, 2011, p. 25-26) .
A volumetric analysis of the quantity of water to be stored in the aquifer and the aquifer storage requirements necessary to accommodate the volume of water would be extremely useful. As an example, appendix B, prepared as part of this review, contains a simplified analysis of the volumes of water and aquifer storage requirements that might be required for the MUS project as described in the study. Using the expected water volumes (appendix B, table B1) and the range of values for storage coefficient for the Grande Ronde aquifer, the change in head required to accommodate the storage of recharge water can be estimated for various possible aquifer surface areas (appendix B, figs. B3 and B4). For a flow augmentation rate of 1 ft 3 /s that requires a recharge water volume of 287 acre-ft, the 12 necessary change in head ranges from about 3.7 ft for an aquifer with a 20 mi 2 areal extent and having the maximum storage coefficient to about 640,000 ft for a confined aquifer with only a 0.5 mi 2 areal extent and having the minimum storage coefficient. For a flow augmentation rate of 10 ft 3 /s that requires a recharge water volume of 2,871 acre-ft, the necessary change in head ranges from about 37 ft for an aquifer with a 20 mi 2 areal extent and having the maximum storage coefficient to about 6,400,000 ft for a confined aquifer with only a 0.5 mi 2 areal extent and having the minimum storage coefficient. From these results, it can be seen that large head changes across extensive areas are required to store or yield substantial quantities of water from the Grande Ronde aquifer under confined conditions. For comparison, the low-lying part of the Milk Creek sub-area is less than 1 mi 2 . Using 100 lb/in 2 as the practical upper limit for injecting water under pressure (Brett Moore, Anderson Perry and Associates, Inc., written commun., 2014) and a value of 2.31 ft of head per lb/in 2 (Lohman, 1972, p. 9 ) results in a practical upper limit of 231 ft of head for injecting under pressure. Using the minimum, median, and maximum values of the storage coefficient for the Grande Ronde aquifer, the aquifer surface area required would be 1,400; 3.7; and 0.32 mi 2 , respectively, for a flow augmentation rate of 1 ft 3 /s that requires a recharge water volume of 287 acre-ft. Aquifer surface areas of 14,000; 37; and 3.2 mi 2 , respectively, would be required for a flow augmentation rate of 10 ft 3 /s that requires a recharge water volume of 2,871 acre-ft. A graph of the relation between the aquifer-surface area and the storage coefficient is shown in appendix B, figure B5 .
A discussion on the ability of the MUS system to economically store and recover water in a confined aquifer is important to the determining the feasibility of the proposed MUS project, as is obtaining accurate estimates of the storage coefficient and areal extent of the aquifer.
Hydrogeology, p. 3-7, third paragraph.-The statement in this paragraph mentions that the effects of a negative boundary were identified after the first 100 minutes of a 24-hour aquifer test. However, a negative boundary also was identified after the first 16 minutes of the aquifer test (James M. Montgomery Consulting Engineers, Inc., 1992, p. C-38). This suggests that at least two negative boundaries are present in basalt aquifer near the test well. As cited in the James M. Montgomery Consulting Engineers report on the aquifer test results:
As the radius of influence encountered these negative boundaries, drawdown increased. The flow boundaries reduce the calculated, or apparent, transmissivities by as much as an order of magnitude from the initial calculated [transmissivity]… The net effect of the boundaries is a significant reduction in long-term well yield in comparison to the short-term well yield.
The 24-hour aquifer test conducted at Milk Creek was on the 170-ft-deep well, UNIO 2176, completed in the basalt aquifer. A second, 540-ft-deep well, UNIO 2192, was completed in the basalt aquifer in this area about 4 months later, perhaps as part of the recommendations in the report by James M. Montgomery Consulting Engineers, Inc. (1992, p. C-46). The driller's log for the well is contained in the appendix of the subject report and indicates decreased flow rates from 100 or more gallons per minute to 10 or more gallons per minute as the depth of the well increased from 125 to 320 ft during drilling. This reduction in flow rate with depth is difficult to interpret without knowing the conditions at the time of the measurements, including well construction, casing, drill stem in place, and other factors. As noted in the feasibility study, additional aquifer testing is needed. A 24-hour, or preferably longerterm, aquifer test on existing and new wells would be extremely useful in helping to determine the hydraulic properties of the aquifer, the effects of negative boundaries (if present), and the suitability of the well and aquifer for an MUS system.
Hydrogeology, p. 3-8, first paragraph, and p. 3-8 table titled "Aquifer characteristics and
Well Capacities-Columbia River Basalt Aquifers".-As noted for the table for the alluvial aquifer wells, it would be helpful if this table showed the number of wells used for evaluation of each sub-area. It seems that only four well logs presented in appendix C of the study, according to the text, were used to determine aquifer characteristics. For the table, two wells are near the Union sub-area, two wells are near Milk Creek sub-area, no wells are near the Badger Flat sub-area. Depending on the actual number of wells used to determine the table of Columbia River Basalt aquifer characteristics, it may need to be emphasized that a very small number of wells across a large area were used to determine the aquifer characteristics because of the lack of available well data. This may lead to great uncertainty regarding the presence or absence of the aquifer and regarding aquifer characteristics.
Hydrogeology, p. 3-8, second paragraph.-This paragraph discusses the possible productivity of the Grande Ronde aquifer and the occurrence of flowing artesian conditions, and includes this statement: "In the longer term, recharge of the aquifer and recovery to enhance stream flows could be implemented and would be facilitated by depressurization of the basalt aquifer by prior pumping." However, further discussion should have been included on how this would be implemented and of the possible consequences. Is it feasible to obtain the water rights and permits necessary to first pump the basalt aquifer during the first irrigation season to be subsequently recharged the following winter? After the initial depressurization of the basalt aquifer and possible change from artesian to non-artesian conditions, or possibly even from confined to unconfined aquifer conditions, the MUS system then might have the available headroom needed for storage of water during the winter for use during the following summer. Would this be less expensive and more efficient that trying to inject water under pressure for a basalt aquifer that is already artesian at the beginning of the winter flows? Would the storage and transmissivity characteristics of the aquifer be such that the cone of depression would diminish from adjacent flow from the aquifer prior to the ability to use water from upper Catherine Creek? An analysis of water and aquifer storage requirements is provided in appendix B of this review, which includes a discussion of unconfined aquifer conditions. Additional discussion is needed to address these questions and, most likely, so is the collection of additional data such as estimates of the areal extent and specific yield of the aquifer. Summary, p. 3-9, third paragraph.-It is important to include in the Summary the following three conditions identified in this section: (1) the flowing artesian conditions in the basalt aquifer in the Milk Creek sub-area may limit the available storage and may require wellhead equipment designed for water injection under pressure; (2) as indicated by the results of the 24-hour aquifer test in the Milk Creek sub-area (see p. 3-7, paragraph 3, of the subject report), low-permeability boundaries were observed for the basalt aquifer, and these boundaries may be a limiting factor and require further evaluation to determine the potential for groundwater production and recharge in this area; and (3) the small number of available wells for analysis in the Milk Creek sub-area creates a large uncertainty regarding the extent, thickness, and hydraulic properties of the basalt that will require further analysis to determine the suitability of the aquifer in the area for use in an MUS system.
Section 4-Water Quality Evaluation
General, p. 4-1, second paragraph.-As stated in this paragraph, the available water-quality data for Catherine Creek and native groundwater are "sparsely distributed and incomplete, and the sample locations are not located specifically in the area(s) where MUS may be implemented." It is, therefore, difficult to evaluate much of the remaining parts of this section. However, the recommendations in the section to fill existing data gaps are appropriate and generally cover the areas where additional information is needed either to meet regulatory considerations or to better predict performance of the MUS system with regard to geochemical compatibility of the surface water and groundwater within the aquifer matrix.
Regulatory Considerations, p. 4-2, first and second paragraphs.-No mention is made of water temperature in the evaluation of water-quality data. Water temperature may be of regulatory concern with regard to Upper Grande Ronde River subbasin TMDL (Oregon Department of Environmental Quality, 2000a Quality, , 2000b Quality, , 2000c or of concern with regard to other possible environmental effects, both negative and positive. Low temperature geothermal springs and wells with temperatures ranging from 68 to 185 °F have been identified within the Grande Ronde Valley (Ferns and others, 2010, p. 50) . A relatively wide range of temperatures (50-72 °F) is indicated in table 4-1 in the subject report and several of the drillers' logs for the basalt wells in the appendix C of the subject report. In the Milk Creek sub-area, the 170-ft-deep basalt well (UNIO 2176) had a temperature that remained constant at 50 °F during a 24-hour aquifer test (James M. Montgomery Consulting Engineers, Inc., 1992, p. C-38) . However, the driller's log for the 540-ft-deep basalt well (UNIO 2192) in the Milk Creek sub-area had a temperature of 59 °F, indicating greater temperatures with depth as would be expected because of the geothermal gradient. Figure 2 was created for this review using wells greater than 350 ft deep within about 8 mi of the Milk Creek sub-area to help depict the variation in water temperature with well depth using drillers' logs available from the OWRD (Oregon Water Resources Department, 2014b). Note that water temperatures as high as 81 °F have been reported. A negative effect on Catherine Creek could occur if discharge water from the MUS system during the irrigation season had a temperature that is greater than the temperature of Catherine Creek, potentially harming aquatic species and perhaps violating the TMDL. A positive effect on Catherine Creek could occur if the temperature of the discharge water were less than the temperature of Catherine Creek, possibly providing cold-water refugia for aquatic species and reducing the potential for violation of the TMDL downstream.
The water temperatures reported for Catherine Creek shown in table 4-1 should be broken down by season because the temperature difference may be of concern with regard to the injection and withdrawal of water from and to Catherine Creek at different times of year. Data on and analyses of water temperatures for Catherine Creek and some of its tributaries from reports by the Oregon Department of Environmental Quality (2000a Quality ( , 2000b Quality ( , and 2000c ) may be useful for comparison. Recovered Water Quality, p. 4-7, fifth paragraph.-The method proposed to create a buffer of good-quality source water in the aquifer (see following quotation) should include a statement that this would require either an increase in the quantity of surface water diverted for recharge of the aquifer or a reduction in the quantity of water discharged from the aquifer for supplementing streamflow. In either case, the cost per acre-foot of water of the MUS system would be increased. This additional volume of water would need to be stored in the aquifer and should be included in any calculations of aquifer storage requirements.
Management of water quality issues in native groundwater when AR or ASR is utilized can sometimes be achieved by retaining a portion of stored source water in the aquifer to create a "buffer" of good quality source water during the first several years of storage. This is a management technique that could be utilized if site-specific concentrations of fluoride (or other constituents) in native groundwater are of concern to fish.
Section 5-Existing Infrastructure ASR/AR INFRASTRUCTURE COMPONENTS, p. 5-1.-Discussion is needed of the possible infrastructure needs for treatment with regard to water temperature for either recharge or recovery, if temperature is determined to be an issue. Additional discussion also is needed to address the special infrastructure requirements in the Milk Creek sub-area, where flowing artesian conditions were observed in the two existing wells in this area.
Section 6-Existing Water Rights
General, p. 6-1, first paragraph.-It may be necessary to evaluate the water rights downstream of the Upper Davis and Davis Dams ( fig. 1 ) to the confluence of Catherine Creek with the Grande Ronde River to ensure that any potential acquisition of water associated with water rights upstream of the Davis Dams would not be diverted by senior water-rights holders, reducing the goal of increasing instream flows in Catherine Creek. A discussion of the viability of acquiring a senior water right near the confluence of Catherine Creek with the Grande Ronde River (to ensure passage of water through the entire length of Catherine Creek) and the potential cost of such acquisition would be helpful to decision makers.
Summary, p. 6-2, second paragraph.-The potential for the purchase of a senior water right as a cost-effective means to ensure 1 ft 3 /s of flow in Catherine Creek seems to be underemphasized. This is a major conclusion and should be included in the Executive Summary.
Section 7-Permitting Requirements
Source Water and Water Use Permitting, p. 7-3, third paragraph.-The statement-"In the early 1990s, OWRD reserved 9,000 acre-ft of un-appropriated water from Catherine Creek above Ames Creek for storage uses (OAR 690-508-0120), which includes AR but not ASR" -is inconsistent with the following statement in Section 9-MUS Feasibility Evaluation-Evaluation of Key Feasibility Factors, p. 9-2, first paragraph: "An additional 9,150 AF above Ames Creek has been reserved by the state for multipurpose storage in the months of January through April, October, and December." The correct value should be determined and the text and figures should be revised for consistency. This may affect figures  
Section 8-Conservation and Efficiency
General, p. 8-1, first paragraph.-The analysis of conservation and efficiency was straightforward but somewhat simplistic. It is likely that a more thorough and sophisticated analysis was beyond the scope of this study. However, some mention of the difficulty of accurately estimating for the specific area of interest the consumptive use of crops, diversion of water for irrigation, precipitation, inflow from subirrigation, changes in soil-moisture storage, losses to groundwater recharge, and return flow of shallow subsurface runoff to streams would benefit the reader and provide some idea of the uncertainty associated with the estimates made. If available, studies in the Grande Ronde Basin of seepage losses from drainage ditches, crop consumptive use, return flow estimates, and so on conducted by the U.S. Army Corps of Engineers, soil conservation or irrigation districts, or other sources that could provide a greater level of detail.
Because of the importance of this section of the study and the fact that water-resources management and expenditure of significant financial resources will be based on the analysis and conclusions presented, a more thorough analysis of the potential quantity and cost for conservation and efficiency efforts to increase streamflow in Catherine Creek should be considered.
Irrigation Systems, p. 8-1, fourth paragraph.-The discussion of the estimation of average irrigation required in the upper Catherine Creek area does not mention the possible input from soilmoisture storage, which likely is most significant during the early spring. Depending on antecedent conditions (precipitation and evapotranspiration prior to the start of the irrigation season), this could be a substantial quantity of water. Additionally, some discussion is warranted regarding subsurface return flow of excess irrigation water to adjacent streams that can be a significant source of water to the streams. The implementation of high-efficiency irrigation systems may reduce diversions but also may reduce return flows used by downstream users or as instream flows and may provide less net benefit.
Efficiency and Conservation Capabilities, p. 8-3, third paragraph.-It is unclear where the value of 80 ft 3 /s was obtained for the calculated water-use reduction for a 4-month irrigation season. About 44.6 ft 3 /s owing to seepage and evapotranspiration losses is easily calculated using the information provided in the section Water Conveyance. However, the method of calculation of the savings from irrigation efficiency (that must total to the remaining 35.4 ft 3 /s) is not evident and should be described.
Efficiency and Conservation Capabilities, p. 8-3, third paragraph.-The actual quantity of water used for irrigation downstream of OWRD stream gage 13320300 and upstream of the Upper Davis and Davis Dams ( fig. 1 ) may be considerably less than the surface-water rights cited in this paragraph as "130 cfs to supply existing unmet irrigation water rights" and that was previously described in Section 2, p. 2-2, second paragraph, as "OWRD Stream Gauge Site 13320300 is located upstream of four diversions (including the Davis Dams) with a total of 131.01 cfs of surface water rights…". Using a simple calculation, over a 4-month period, this is about 55,000 acre-ft of water. Using the value of 7,000 acres (cited on p. 8-3, second paragraph) for the surface-water irrigation in this area yields a water depth of about 7.9 ft (95 in.). Using 31.83 in. for "Net Irrigation Required" from the table on p. 8-1 and assuming a 50 percent efficiency for current irrigation practices yields an actual water use of about 64 in. needed for irrigation. The difference between the water right and actual water use is about 31 in. of water, indicating that about 33 percent of the water right goes unused. For the 130 ft 3 /s of water rights for this area, the amount of unused water could be as much as about 43 ft 3 /s and could be higher if greater efficiencies are assumed. The acquisition of the unused portion of the water rights, especially from senior water-rights holders that are located as far as possible downstream on Catherine Creek, should be considered.
More accurate estimates of consumptive use of water could be obtained using remote-sensing methods such as METRIC others, 2007a, 2007b) to determine actual evapotranspiration at grid resolutions of 30 m (see Snyder and others, 2012, p. 5, for example) .This information could be used in conjunction with water-rights maps of places of use and points of diversion to associate the water right with an estimate of water use (after accounting for precipitation, subirrigation from shallow groundwater, irrigation groundwater, and return flow). This would help distinguish water rights that either are not being used or are being under-used to find potentially willing sellers for all or a portion of their water right or to participate in the OWRD Allocation of Conserved Water Program. Resources Department, 2014a) If senior water-rights holders with points of diversion and place of use near the confluence of Catherine Creek and the Grande Ronde River are targeted for participation, and possibly provided with incentives, then the instream water rights acquired by the State could have a priority date that is the same as the original priority date. This could help ensure that the conserved quantity of water would be protected from diversion upstream of water-rights holders with lessor priority dates. It would no longer be necessary to obtain an additional 130 ft 3 /s of instream flow to meet the needs of water-rights holders upstream. Only 1-10 ft 3 /s of instream water rights would need to be acquired. This could be a costeffective solution to meeting the inflow stream goals of the subject report.
Summary, p. 8-3, fifth paragraph.-See comments under review section, "Executive Summary-Conservation and Efficiency, p. ES-5, second paragraph."
Additionally, in the statement quoted from the subject report, the cost of the upper range of $30,000,000 may be miscalculated. The upper range actually may be only $25,200,000, as calculated using the sum of $1,200 per acre × 5,600 acres and $100 per ft × 35 mi (184,800 ft), using the quoted rates from this paragraph of the subject report:
The cost to upgrade 100 acres from flood irrigation to an efficient sprinkler system could be as high as $1, 200 per acre. The cost to install piping could be as high as $50 to $100 per foot. The cost for efficient irrigation infrastructure could be in the range of $15,000,000 to $30,000,000 before the cost of operation and maintenance is considered. Because of the importance of the estimates of the efficiency and conservation measures, it is essential that the quoted rates have an associated citation. Only with attribution to reputable sources can the validity of such estimates be evaluated by the reader and a determination made as to whether the estimates are reasonable and appropriate for the area of the Grande Ronde Basin.
It should be noted that, on p. 6-2 of the subject report, the value of the agricultural land is listed as $2,000 per acre. Therefore, the 7,000 acres irrigated with surface water in this area (cited on p. 8-3, second paragraph) could be purchased at a cost of $14,000,000, assuming willing sellers. This could be a cost-effective solution to reducing the quantity of appropriated water.
The statement-"Efficiency and conservation have the potential to provide increased irrigation to a larger number of water users for a longer period of the irrigation season; however, they do not have the potential to provide stream flow enhancement for fish passage and stream health" -is not accurate with regard to the provisions of ORS 537.470(3), as noted in the discussion of "Efficiency and Conservation Capabilities, p. 8-3, fourth paragraph."
A cost-benefit analysis using cost per acre-foot of water or per cubic foot per second of water for a specified duration would help decision makers better compare options to increase streamflow in Catherine Creek.
Section 9-MUS Feasibility Evaluation
Project Implementation Plan, p. 9-9, second paragraph.-Under the Project Implementation Plan is the following task:
Confirm whether the OWRD will support the approach of defining the place of use at the mouth of Catherine Creek and using a secondary permit to shuttle water from the Milk Creek sub-area to the place of use to protect stream flows enhanced by implementation of the MUS alternative from appropriation by downstream users. Because of its importance, the Project Implementation Plan should make this task a high priority as the success of the project seems to hinge on this determination. It would make little sense to proceed with other tasks until this issue has been resolved. Additionally, the cost of this task may be small compared to the cost of other tasks. Informal discussions with the OWRD for this review indicate that it may be possible to use the proposed method of shuttling water to ensure that water recovered from the MUS system remains in Catherine Creek without diversion from senior water-rights holders all the way to the confluence of the Grande Ronde River, described as follows (excerpted from Section 7, paragraph This section does not discuss alternatives to protecting water discharged by the MUS system from diversion by other water users in the event that the water cannot be "shuttled" and protected pursuant to ORS 540.410.
Section 10-Environmental Impact
Wetlands, p. 10-2, sixth paragraph.-There is no mention of the effects of possible groundwater-level changes associated with operation of the MUS system on wetlands identified in the project area. If there is an interconnection between the surficial alluvial aquifer in which the wetlands 20 are located and the underlying basalt aquifer, then groundwater-level changes associated with the operation of the MUS system might be expected. Discussion should have included the potential for groundwater-level declines owing to pre-pumping of the basalt aquifer to partially dewater it in preparation for it to receive recharge water should those declines propagate into the surficial aquifer and affect nearby wetlands. Additional discussion is needed of the potential for groundwater-level increases owing to recharge of the aquifer, especially if artesian pressures are increased, and how this might propagate through the surficial aquifer and affect the wetlands. It would be useful to have continuous water-level recorders in the alluvial aquifer, basalt aquifer, and Catherine Creek to determine the possible interconnection of the alluvial aquifer, the basalt aquifer, and Catherine Creek that, if present, then could be used to determine the possible magnitude of water-level changes and the effect on the wetlands in the area.
Water Quality, p. 10-4, third paragraph.-The potential effect of the MUS system on stream temperature is not mentioned. This concern is discussed in this review under "Section 4-Water Quality Evaluation-Regulatory Considerations, p. 4-2, first and second paragraphs."
Miscellaneous Issues, p. 10-5, supplemental.-The possible environmental effects of storing water in a confined aquifer should be discussed. If the basalt aquifer is confined, this may necessitate increasing the pressure in the aquifer to accommodate the storage of the target recharge water volumes for the MUS system. The increase in pressure would raise the head in the aquifer and might cause many previously non-flowing wells to begin to flow at land surface. The hydraulic gradient between the basalt aquifer and the overlying alluvial aquifer also would change, possibly increasing the upward vertical flow of water into the alluvial aquifer, raising groundwater levels, and perhaps increasing discharge to wetlands or increasing base-flow discharge to Catherine Creek at unintended times.
Section 10-Environmental Impact should include a brief discussion of the effect of possible compartmentalization of the aquifer because of aquifer geometry or structural features previously discussed in this review. Compartmentalization, if present in the aquifer affected by the MUS system, could limit the spatial extent to which environmental effects (if any) from the MUS system are experienced. However, within the areas of compartmentalization, the environmental effects, either detrimental or beneficial, could be accentuated because they would be confined to a smaller area. Further data and analysis are necessary to determine what types of environmental effects might occur and their severity.
Appendix A. Typographical Errors and Issues of Minor Importance
This section contains comments on issues that were considered of such minor concern that they did not warrant inclusion in the main body of this review. These comments mostly concern typographical errors or minor inconsistencies that could be confusing to a reader but likely would not change any interpretations or conclusions. They are provided here to enhance reader understanding of the report, to resolve some discrepancies, and to improve future versions of the feasibility analysis. Each comment is preceded by its location and context. Executive Summary-General p. ES-1, third paragraph; Section 1-General p. 1-1, second paragraph; Section 2-Existing Stream Flows p. 2-1, second paragraph; and Figures ES-1, 1-1,  and 1-2 . The "Upper Catherine Creek Watershed Boundary" is shown in figures ES-1, 1-1, and 1-2 as consisting of the drainage upstream of the stream gage 13320300 (Catherine Creek at Union), and the "Lower Catherine Creek Watershed Boundary" as consisting of the contributing drainage to the intervening area upstream of the Upper Davis and Davis Dams and downstream of stream gage 13320300. The use of these two names is consistent with the delineations of these two drainage areas as described in Section 2-Existing Stream Flows, p. 2-1, second paragraph, which states: "For the purposes of this study a drainage area was delineated including the Catherine, Pyles, and Little Creek watersheds, as well as a drainage area including only the Catherine Creek watershed, to approximate the amount of water being contributed to Catherine Creek from Pyles and Little Creek." However, this definition is inconsistent with the statements made in the Executive Summary, p. ES-1, third paragraph, and in Section 1, p. 1-1, second paragraph, that "the upper Catherine Creek watershed includes the drainage basin between the Davis Dams, near the city of Union, Oregon, and the Eagle Cap Wilderness."
Note that the terms "Lower Catherine Creek Watershed" or "Lower Catherine Creek Drainage" are not used in the report except in figures ES-1 and 1-1. They are referred to on p. 2-1, second paragraph, although not by name. The terms "Upper Catherine Creek Watershed" and "Upper Catherine Creek Drainage" seem to be used interchangeably in the report. A check should be made to ensure that the terminology referencing the area defined as the Upper Catherine Creek Drainage is consistent throughout the report. Section 2-p. 2-1, second paragraph, Figures ES-1, 1-1, and 1-2 . In the text on p. 2-1, second paragraph, there are two references to the "USGS gauging station". The station name associated with this gaging station should be identified. It may actually refer to the station "13320300 CATHERINE CREEK AT UNION, OREG," as shown in figures ES-1, 1-1, and 1-2 . This gaging station does not seem to have ever been operated by the USGS. Elsewhere in the text, this stream gage is identified as "OWRD STREAM GAGE" or stream gage 13320300. The gaging station farther south near Badger Flat, which is referred in the text as "13320000 CATHERINE CREEK NEAR UNION, OREG," was originally a USGS gaging station from 1911 to about 1996 when it seems that OWRD took over operation of the stream gage. The station name or number should be provided in the text of the subject paragraph and usage should be made consistent with the figures and elsewhere in the text. Section 4-p. 4-2, third paragraph. "U.S. Geological Service" to should be corrected to "U.S. Geological Survey." Figures ES-3, 3-1, 3-2, 3-3 , 3-4, and 5-1. The scale values shown on the maps in these figures do not match the size as provided in the digital document that was received for review. These figures have a page size of 8.5 × 11 inches; however, paper size may have been reduced during publishing. Scale bars seem to be correct and are sufficient. The stated and approximate scales as published for each figure are as follows:
• Figures ES-3 and 3-1 state a scale of 1:42,000 but, as published, have a scale of about 1:66,700.
• Figure 3 -2 states a scale of 1:52,800 ("1 inch equals 1 mile") but, as published, has a scale of about 1:88,400 with 1 in. equal to about 1.4 mi.
• Figures 3-3 and 3-4 state a scale of 1:31,680 ("1 inch equals 0.5 mile") but, as published, have a scale of about 1:52,800 with 1 in. equal to about 0.83 mi.
• Figure 5 -1 states a scale of 1:37,000 but, as published, has a scale of about 1:63,360.
Figures ES-1 and 1-1. A scale bar for these figures would be helpful.
An unconfined aquifer has a water table with saturated conditions below and unsaturated conditions above. The addition of water to an unconfined aquifer is stored in the interconnected pore spaces within the unsaturated zone, raising the water table (after the water table reaches the surface, ponding will occur). The volume of unconfined aquifer needed to accommodate a specified volume of water is determined as:
where is the volume of unconfined aquifer needed to store a specified volume of water (units of length 3 ), is the volume of water to be stored (units of length 3 ), and is the specific yield of the unconfined aquifer (dimensionless).
Specific yield is defined as the ratio of the volume of water that the porous medium, after being saturated, will yield by gravity to the volume of the porous medium (Lohman, 1972, p. 6) . The value of specific yield for unconfined aquifers of all rock types typically ranges from 0.01 to 0.30 (Freeze and Cherry, 1979, p. 61) . Estimates of the unconfined aquifer volume required for storage of recharge water needed to meet goals for augmentation of streamflow for Catherine Creek across the typical range of specific yields are presented in table B2. For the CRBG, the largest value of specific yield reported from previous studies is about 0.01 (Davies-Smith and others, 1988, p. 18; Drost and others, 1997, p. 41; Kahle and others, 2011, p. 25-26) . If the Grande Ronde aquifer were under unconfined conditions, relatively large volumes of aquifer would be needed to store the recharge volume of water intended for the MUS system (table B2). [The values in the table represent the volume of unconfined aquifer required to accommodate the recharge storage volume for the desired flow augmentation rate for Catherine Creek. The value of specific yield for unconfined aquifers typically ranges from 0.01 to 0.30 (Freeze and Cherry, 1979, p. 61 
